Associations between white matter pathway abnormalities and antisocial personality disorder in adults are well replicated, and there is some evidence for an association of white matter abnormalities with conduct disorder (CD) in adolescents. In this study, white matter maturation using diffusion tensor imaging (DTI) was examined in 110 children aged 10.0 70.8 years selected to vary widely in their numbers of CD symptoms. The results replicated age-related increases in fractional anisotropy (FA) found in previous studies. There was not a significant association between the number of CD symptoms and FA, but CD symptoms were found to be significantly associated with greater axial and radial diffusivity in a broad range of white matter tracts, particularly in girls. In complementary analyses, there were similar significant differences in axial and radial diffusivity between children who met diagnostic criteria for CD and healthy children with no symptoms of CD, particularly in girls. Brain structural abnormalities may contribute to the emergence of CD in childhood, perhaps playing a greater role in girls.
Introduction
Conduct disorder (CD) is a disorder that often emerges in childhood, characterized by aggressive and antisocial behavior, which creates considerable societal cost (Romeo et al., 2006) . It has been argued that amygdala and orbitofrontal cortex dysfunction in adolescents with CD and psychopathic traits disrupts emotion-based decision-making, including moral decision making (Viding, 2004; Kiehl, 2006; Decety et al., 2009; Lockwood et al., 2013; Decety and Cowell, 2014) .
DTI can measure the microstructural integrity of white matter, quantified indirectly by fractional anisotropy (FA). Furthermore, distinctions in two aspects of white matter integrity can made by measuring diffusion that is parallel (axial diffusivity) and perpendicular (radial diffusivity) to axonal tracts. Radial diffusivity has been used to assess myelination levels because it correlates with demyelination (Song et al., 2002 (Song et al., , 2005 Klawiter et al., 2011) . Conversely, axial diffusivity indexes axonal integrity (Budde et al., 2009) . White matter abnormalities have consistently been found in adults with psychopathy or antisocial personality disorder (Sundram et al., 2012) . In particular, antisocial adults, when compared with healthy controls, exhibit reduced FA in the uncinate fasciculus (UF), which may indicate abnormally low structural connectivity of the amygdala and ventromedial prefrontal cortex, in forensic inpatients (Craig et al., 2009; Sundram et al., 2012) and incarcerated psychopaths (Motzkin et al., 2011; Hoppenbrouwers et al., 2013) .
Studies of the UF in adolescents have yielded less consistent results. For instance, one study found no FA differences in the UF between healthy children and children with CD and other disruptive behavior disorder diagnoses (Finger et al., 2012) . A difference study of 17-20 year olds found greater rather than lower FA in the UF in males with childhood-onset CD relative to healthy male controls (Passamonti et al., 2012) . More recently, a study of male adolescents with aggressive CD and healthy male controls also found greater FA and lower radial diffusivity in the left UF in youth with CD (Sarkar et al., 2013) . However, we are aware of no studies that have examined the association between CD and white matter abnormalities in childhood.
This gap in the literature is important for two reasons. First, CD that is present in childhood appears to be more impairing, persistent, and comorbid with attention-deficit/hyperactivity disorder (ADHD) (Moffitt et al., 1996) . Second, previous studies may have ignored an important period of development. Normal development is characterized by increased total cortical white matter into early adulthood (Paus et al., 2001) , and includes nonlinear increases in FA and nonlinear decreases in mean diffusivity from 
